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An assessment of a proposal to eradicate non-native fish from priority 
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Non-native fish are considered the most important threat to the survival of the indigenous freshwater fishes in the 
Cape Floristic Region (CFR). A pilot project to evaluate the use of the piscicide rotenone to eradicate non-native fish 
from selected reaches in four rivers has been proposed by CapeNature, the conservation authority of the Western 
Cape province, South Africa. Each river has unique characteristics and challenges to achieving the eradication 
of non-native fish and the restoration of its indigenous fish assemblage. The proposal is described and the 
management methods available for reducing the impact of non-native fish on indigenous species are discussed. An 
environmental impact assessment (EIA) concluded that the project was justified and necessary, the choice of rivers 
sound, and supported the use of piscicides. The need for the project, the selection of sites and the findings of the 
EIA are discussed. It is expected that the project will be successful while having minimal impact on other aquatic 
fauna. The successful completion of the pilot project could help establish methods to eradicate non-native fish from 
critical biodiversity areas in South Africa. Such projects must, however, be part of a comprehensive conservation 
management plan to be implemented by conservation agencies in the CFR.
Keywords: conservation, eradication, piscicides, river rehabilitation
Introduction
The Cape Floristic Region (CFR), an 88 000 km2 
Mediterranean-climate region on the south-western tip of 
Africa, is a recognised biodiversity hotspot with high levels 
of endemicity (Myers et al. 2000a, Cowling and Pressey 
2003, Darwall et al. 2009). Internationally acclaimed for its 
plant biodiversity, the CFR is also a centre of endemism for 
freshwater fauna, including aquatic invertebrates, amphib-
ians and fishes (Skelton et al. 1995, Wishart and Day 2002, 
Younge and Fowkes 2003, Darwall et al. 2009). The propor-
tion of endemic freshwater species is higher than that of 
plants, although species numbers are lower (Wishart and 
Day 2002). The freshwater fishes of the CFR exhibit typical 
characteristics of old, well-established mountain faunas, 
including a high degree of endemicity (89%), geographically 
restricted ranges, relative inflexibility in life-history styles, 
and a low resilience to disturbance, especially by introduced 
piscivorous fish (Skelton 1987). Most species are relatively 
small, <150 mm SL when adult. None are entirely piscivo-
rous, although the Cape kurper Sandelia capensis (Cuvier 
1831) and some of the larger cyprinids, e.g. Clanwilliam 
yellowfish Labeobarbus capensis (A. Smith 1841), are partly 
piscivorous as adults (Skelton 2002).
Twenty-seven taxa of primary freshwater fish are currently 
recognised for the CFR (Impson 2007, Tweddle et al. 2009), 
but this number will increase following taxonomic revisions of 
the genera Pseudobarbus Smith 1841, Galaxias Cuvier 1816 
and Sandelia Castelnau 1861, and Swartz and Tweddle 
(2011) recognise 43 genetic lineages of primary freshwater 
fishes in the CFR. Of the currently recognised 27 taxa, six 
are listed as Critically Endangered (22%), ten as Endangered 
(37%), three as Vulnerable (11%), three as Near Threatened 
(11%), two as Least Concern (7%), and three as Data 
Deficient (11%) in the 2007 IUCN assessment (Impson 
2007, Tweddle et al. 2009). Diadromous taxa are present 
in the CFR but are not addressed in this paper because all 
are currently listed as Least Concern (Tweddle et al. 2009). 
With the imminent recognition of additional endemic taxa, 
most with extremely limited distributions, the present number 
of threatened taxa is considered conservative (Swartz and 
Tweddle 2011). The 2007 IUCN assessment lists the major 
threats to the CFR’s 24 endemic primary freshwater fish taxa 
as: non-native fish (23 taxa), habitat destruction (18 taxa), 
pollution including pesticides (2 taxa), utilisation (3 taxa) and 
genetic integrity (4 taxa) (Tweddle et al. 2009). Researchers 
and conservation officials agree that non-native fish are the 
most significant threat to the long-term survival of indigenous 
freshwater fish assemblages in the CFR (Barnard 1943, 
Coke 1988, Skelton et al. 1995, Impson and Hamman 2000, 
Skelton 2000, Impson et al. 2002a, 2002b, Skelton 2002, 
Cambray 2003a, 2003b, Impson 2007, Tweddle et al. 2009, 
Swartz and Tweddle 2011).
A proposal by CapeNature, the conservation agency for 
the Western Cape province (South Africa), to eradicate non-
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proposal justifies the need for the project and the site 
selection, and reports the findings of the environmental 
impact assessment undertaken to review the project. 
This paper reviews available literature on the impacts of 
non-native fish on indigenous freshwater fishes in the 
CFR and discusses the management methods available to 
reduce those impacts.
Non-native fish introductions
The CFR has a long history of freshwater fish introductions 
(de Moor and Bruton 1988, Skelton 1990, Skelton et al. 
1995, Skelton 2000, 2002), dating back to those by Dutch 
and English settlers in the late 1700s (de Moor and Bruton 
1988, Picker and Griffiths 2011). To date, 24 species of 
freshwater fish have been introduced to the inland waters of 
the CFR for recreational angling, aquaculture, or the biocon-
trol of aquatic weeds and mosquitoes (Table 1). Of these, 
seven have failed to establish self-sustaining populations 
and one, Eurasian perch Perca fluviatilis Linnaeus 1758, is 
believed to have been extirpated. In addition, triploid grass 
carp Ctenopharyngodon idella (Valenciennes 1844) have 
been introduced to farm dams for aquatic weed control. 
Although these fish are sterile (a requirement of permits), 
they are long-lived, grow to be very large (over 1 m), and 
escapees into natural watercourses could have an impact 
on both aquatic vegetation and invertebrates (Pípalová 
2006).
Three endemic taxa have been translocated between 
catchments within the CFR. Cape kurper was illegally 
introduced into a dam in the Twee River catchment (Olifants–
Doring System) in the 1950s (Hamman et al. 1984) and 
subsequently invaded this catchment following the rupture 
of the dam during a rainfall event (Impson et al. 2007, Marr 
et al. 2009). In the 1980s, the conservation authority in the 
Western Cape, the then Cape Department of Nature and 
Environmental Conservation, intentionally introduced the 
Clanwilliam yellowfish above waterfall barriers in the Twee 
(Impson et al. 2007), Ratels (Impson 2010) and Boontjies 
rivers (Impson and Tharme 1998) in the Olifants–Doring 
catchment as a conservation measure. Breede River redfin 
Pseudobarbus sp. ‘burchelli Breede’ were unwisely cultured 
by the conservation authority at Jonkershoek hatchery in 
outdoor ponds, from which they escaped and invaded the 
Eerste River near Stellenbosch in the 1980s.
In the 1980s the conservation authority declared a 
moratorium on the stocking of fish into the rivers of the CFR 
(Coke 1988, Skelton 2000). Since 1988 no new species 
have been recorded, but the secondary spread of species 
previously introduced continues unabated (Impson et al. 
Year Species Reason for introduction Outcome






1890s Brown trout (Salmo trutta)
Rainbow trout (Oncorhynchus mykiss)







1910 Tench (Tinca tinca) Angling Successful
1912 Guppy (Poecilia reticulata) Biological control (mosquitoes) Failed
1915 Israeli tilapia (Oreochromis aureus)





1928 Largemouth bass (Micropterus salmoides) Angling Successful






1937 Smallmouth bass (Micropterus dolomieu) Angling Successful
1938 Bluegill (Lepomis macrochirus) Fodder for angling species Successful
1939 Spotted bass (Micropterus punctulatis) Angling Successful
1941 Banded tilapia (Tilapia sparrmanii) Fodder for angling species Successful
1950 Brook char (Salvelinus fontinalis) Angling Failed
1953 Smallmouth yellowfish (Labeobarbus aeneus) Angling Successful
1959 Nile tilapia (Oreochromis niloticus)
Mango tilapia (Sarotherodon galilaeus)
Red-bellied tilapia (Tilapia zillii)
Aquaculture
Aquaculture




1980s Sharptooth catfish (Clarias gariepinus)
Grass carp (Ctenopharyngodon idella)
Southern mouthbrooder (Pseudocrenilabrus philander)
Aquaculture, angling
Biological control (aquatic plants)




+   Eurasian perch successfully established in two systems in the CFR, but has since been extirpated from both systems. One system was 
treated with rotenone and drained.
++  Nile tilapia was reported as being established on the Cape Flats near Cape Town, but recently no populations of this species have been 
recorded. Consequently it is believed that this species did not become established in the CFR, even though climate models predict that it 
should be able establish in the region (Zambrano et al. 2006). The aquaculture industry is currently pushing for permission for hybrid O. 
mossambicus  O. niliticus to be introduced into the CFR.
+++ Grass carp has been introduced into water bodies in the CFR to control aquatic vegetation. Only sterile triploid fish from certified hatcheries 
were permitted to be introduced. The species has established in the Orange–Vaal and Pongolo systems, even though they were expected not 
to be able to establish there. The species is long-lived and could survive in natural water courses if they escape from the farm dams.
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2002a, 2002b, Skelton 2002, Impson 2006, 2007). Of partic-
ular concern is the sharptooth catfish Clarias gariepinus 
(Burchell 1822), which has been introduced into several 
river systems by anglers, farm labourers, rural landowners, 
and via inter-basin transfer schemes (Cambray 2003c, 
Impson 2006, 2007). It is possible that additional taxa have 
been introduced into the region, but these introductions 
have not yet been confirmed by researchers or conserva-
tion officials.
It has been estimated that more than 90% of mainstem 
river habitat in the CFR has been invaded by non-native 
fish and only seven small coastal catchments, together 
representing 0.8% of the CFR by area, have no recorded 
non-native fish introductions (Marr 2012). The majority of 
catchments contain four or more non-native species, with the 
major river systems of the Olifants–Doring, Berg, Breede and 
Gouritz containing 10 or more non-native species (Figure 1). 
Indigenous primary freshwater fishes are absent, or rare, in 
the majority of the reaches invaded by non-native species, 
and are largely restricted to reaches above barriers that have 
prevented invasion by non-native species (Skelton 1990, 
Skelton et al. 1995, Skelton 2000, Impson et al. 2002b, 
Skelton 2002, Impson 2007, Tweddle et al. 2009, Swartz and 
Tweddle 2011). 
Impacts of non-native fish on indigenous fishes in the CFR
Freshwater communities are particularly vulnerable to non-
native species introductions (Saunders et al. 2002, Skelton 
2002, Cambray 2003a, 2003b). The introduction of non-native 
fish results in impacts at genetic (gene transcription, hybridi-
sation), individual (behaviour, morphology, metabolic rates), 
population (transmission of parasites/diseases, demographic 
effects, distributional effects), community (species extirpa-
tions, compositional changes, alterations in food webs) and 
ecosystem (biochemical cycles, energy fluxes between 
ecosystems, ecological engineering) levels (Cucherousset 
and Olden 2011). 
The negative ecological impact of non-native fish on 
indigenous fishes was first recognised in the late 1930s, 
especially in the biodiversity hotspot of the Cederberg, 
Western Cape (Barnard 1943). Predation by non-native 
fish on indigenous fish assemblages was raised as a signif-
icant concern in the CFR when the predatory effects of 
rainbow trout Oncorhynchus mykiss (Walbaum 1792) and 
smallmouth bass Micropterus dolomieu Lacepède 1802 
on Pseudobarbus redfin were noticed (Hey 1926, Barnard 
1943, Harrison 1950, 1951a, 1951b, 1952a, 1952b, Skelton 
1983, Coke 1988, Skelton 1990, Skelton et al. 1995, 
Skelton 2000, 2002). Despite this, non-native fish continued 
to be stocked throughout the CFR until the 1980s (Coke 
1988, Impson and Hamman 2000, Skelton 2000, Impson 
et al. 2002a, Richardson et al. 2004, Tweddle et al. 2009). 
However, the initial impact of non-native fish on indigenous 
fish assemblages in the CFR was poorly recorded and not 
studied in detail, because most impacts occurred before any 
great interest in conserving the indigenous taxa arose.
There is a strong correlation between the presence of 
predatory non-native fish and the absence of indigenous 
taxa, a situation analogous with that in the Colorado River, 
USA (Marsh and Pacey 2005). This immiscibility between 
indigenous and non-native fishes is particularly evident 
where centrarchids (bass and sunfish) and salmonids are 
present. Non-native fish affect the behaviour and composi-
tion of indigenous fish assemblages in the CFR (Cambray 
2003a, 2003b, Woodford and Impson 2004, Woodford et al. 
2005, Shelton et al. 2008) as well as affecting lower trophic 
levels of the food web including aquatic invertebrates and 
algae (Lowe et al. 2008). Because of this, the remaining 
indigenous fish populations can only be conserved, and 
their ranges increased, through the elimination of non-native 
species from those rivers identified as conservation priori-
ties (Impson 2007). At the national level, critical biodiversity 
areas for indigenous freshwater fauna have been mapped 
through the National Freshwater Ecosystem Priority Areas 
(NFEPA) project (Driver et al. 2011, Nel et al. 2011), which 
identified priority areas for freshwater biodiversity conser-
vation that require, among other intervention measures, 
non-native fish control/eradication.
Management of non-native fish populations in the CFR
Although the presence of predatory non-native species in 
the CFR poses the greatest of several threats to indigenous 
fish assemblages (Impson and Hamman 2000, Impson 
et al. 2002b, Skelton 2002, Impson 2007, Tweddle et al. 
2009, Swartz and Tweddle 2011), it is acknowledged that 
non-native freshwater fishes such as trout, bass and carp 
are the mainstay of South Africa’s recreational angling and 
freshwater aquaculture industries (van Rensburg et al. 
2011). A balance must therefore be maintained between 
the conservation of indigenous taxa and the management 
of non-native fish (Chadderton 2003, van Rensburg et 
al. 2011). This balance is an important aim of the regula-
tions being developed as part of the National Environmental 
Management: Biodiversity Act (NEM:BA; RSA 2004). 
NEM:BA divides non-native species into three catego-
ries: prohibited species which may not be imported into 
the country, exempted species which may be freely traded 
within the country without permit, and invasive non-native 
species which must be controlled by means of implementing 
a management plan. The latter category includes the 
species most commonly targeted by anglers, such as brown 
trout Salmo trutta Linnaeus 1758, rainbow trout, largemouth 
bass Micropterus salmoides (Lacepède 1802), smallmouth 
bass and carp Cyprinus carpio Linnaeus 1758. For all other 
non-native species, a risk assessment is required prior 
to the issue of permits (van Rensburg et al. 2011). It is 
envisaged that an area approach (i.e. zoning) will be part 
of the management plans developed for economically and 
recreationally important non-native species. The zoning of 
areas for the use of various non-native species allows for 
trade-offs between conservation priorities (e.g. NFEPA) 
and recreational-economic interests (van Rensburg et al. 
2011), and has been completed in an open participatory 
basis involving experts on aquatic conservation issues and 
representatives from key angling and aquaculture groups.
Prevention of future introductions is the most effective 
way of addressing invasion by non-native species 
(Saunders et al. 2002, Britton et al. 2011a) and can be 
enhanced by instituting adequate decision support tools 
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Capacity at relevant levels (i.e. law enforcement, taxonomic 
expertise and communication) is critical for prevention 
programmes to be effective. Where non-native species 
have already become established, active management 
needs to focus on reducing their impacts and preventing 
further spread (Saunders et al. 2002, Britton et al. 2011a). 
Eradication is more cost-effective than long-term mechan-
ical control (Bomford and Tilzey 1997, IUCN 2000), particu-
larly for recent introductions, or where the species has been 
spatially constrained (Britton et al. 2011a). Eradication of 
non-native fishes is achieved by chemical treatments, 
e.g. piscicides, or by draining water-bodies (Finlayson et 
al. 2000, Collares-Pereira and Cowx 2004, Britton et al. 
2011a). Sustained mechanical removal has been successful 
only at small scales (Britton et al. 2011a). Eradication 
should, however, only be attempted where it is ecologically 
feasible and has financial and political support (Huntley 
1999, IUCN 2000). Where eradication is not feasible, 
control is the next best alternative. Control programmes 
using mechanical removal techniques (e.g. electric fishing 
or netting) are generally effective in suppressing popula-
tion abundance and reducing their recruitment (Britton et al. 
2011a). Eradication and control of non-native fishes remain 
constrained by their lack of selectivity, and the challenges 
of treating large spatial scales effectively (Britton et al. 
2011a). Non-native species invasions are, however, 
generally irreversible (Cucherousset and Olden 2011) 
and the current technologies available for the eradication 
of established non-native species are likely to result in the 
loss of some indigenous taxa from treated reaches during 
the eradication process (Myers et al. 2000b), although most 
will recolonise the treated reaches from adjacent areas 
(Vinson et al. 2010).
While large-scale eradication of non-native fish is difficult, 
and rarely implemented, small-scale projects to eradicate 
non-native fish from priority reaches of small rivers to 
re-establish threatened fish species to parts of their original 
distribution range, and/or increase their distribution range, 
can be successfully completed with currently available 
technologies. For example, a piscicide-based conserva-
tion management strategy, such as the one proposed for 
the control of non-native fish in the lower Colorado River 
(Clarkson et al. 2005), could be implemented as follows: 
(a) Conservation authorities and other stakeholders identify 
rivers to be devoted exclusively to the conservation of 
indigenous fishes, and those for non-native fish utilisa-
tion, e.g. aquaculture and angling.
(b) In rivers identified as conservation priorities where 
non-native species are present, beginning from head-
waters, temporary barriers are installed and any indige-
nous fish above them are caught and retained in 
off-stream holding facilities. 
(c) Non-native species above the barrier are chemically 
removed, after which the indigenous fish are returned, 
or introduced from an appropriate stock.
(d) The process is then successively repeated downstream, 
removing the temporary upstream barrier after each 
step and eradication of the non-native species has 
been confirmed.
The risk of the illegal release of non-native fish into the 
treatment area must be minimised and new introductions 
of other non-native fish species prevented. Education 
and publicity initiatives with local landowners and angling 
bodies should be established, in conjunction with simple 
and inexpensive monitoring protocols to detect non-native 
species in restored reaches, to ensure long-term success 
of conservation programmes (Clarkson et al. 2005). 
Establishing privately owned protected areas through 
stewardship initiatives, as part of South Africa’s Protected 
Areas Act (RSA 2003), is necessary to ensure the active 
conservation of the indigenous freshwater fishes of the CFR.
The NFEPA project and the zoning of catchments 
satisfied the first step in the above management strategy. 
The next step was to begin active non-native fish eradica-
tion projects in priority conservation areas. In order to 
achieve this, the CAPE Alien Fish Eradication Project was 
proposed as a pilot project to evaluate the use of piscicides 
for the eradication of non-native fish from selected rivers 
in the CFR. This was done to comply with section 28 of 
South Africa’s National Environmental Management Act 
(NEMA; RSA 1998a), which obliges conservation authori-
ties to remedy degradation of environments harmed by non-
native and/or invasive species.
The CAPE Alien Fish Eradication Project
The Cape Action Plan for People and the Environment 
(CAPE) Project, a comprehensive conservation plan for the 
CFR (Younge and Fowkes 2003), recognised the need for 
intervention to conserve the freshwater fishes of the CFR 
and established the CAPE Alien Fish Eradication Project 
to identify priority rivers for non-native fish eradication 
(Impson 2007). Funded by the World Bank and managed 
by CapeNature (formerly the Cape Department of Nature 
and Environmental Conservation), this project comprised 
two phases (Impson 2007):
Phase 1 — identification of priority rivers for the eradica-• 
tion of non-native fish, plus completion of an environ-
mental impact assessment (EIA) for the most suitable 
rivers, and 
Phase 2 — execution of the intervention, if deemed to be • 
effective and appropriate.
The pilot project aims to evaluate the eradication of 
non-native fish from four streams in the CFR using the 
piscicide rotenone and to monitor the subsequent recovery 
of the treated reaches, focusing on the recovery of threat-
ened indigenous fishes. If successful, the project will 
provide protocols for the implementation of active indige-
nous fish conservation projects in the CFR, and elsewhere 
in South Africa.
Selection of rivers 
Criteria for the selection of rivers appropriate for the pilot 
project were determined at a specialist workshop held 
at the South African Institute for Aquatic Biodiversity, 
Grahamstown (Impson 2007). The criteria included biolog-
ical, land use, social, financial and logistical considera-
tions (Impson 2007). Field surveys of all potential rivers 
identified at the workshop were conducted in March and 
April 2004 to evaluate them against these criteria. A 
subsequent workshop selected the following six rivers for 
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in the Cederberg; the Dorps and Paradys rivers in the 
Gouritz catchment; and the Krom River in the Eastern Cape 
(Figure 1). Further field surveys, using a combination of fyke 
netting, seine netting, electric fishing and snorkel surveys, 
were conducted between August 2005 and October 2006 
to delineate the distribution ranges of indigenous and non-
native fish and to identified potential barriers that could be 
used as the upper or lower barriers for the eradication of 
non-native fish by using piscicides. 
At the third specialist workshop, the list was reduced to the 
four rivers believed to offer the highest likelihood of success, 
i.e. the Krom, Rondegat and Suurvlei rivers in the Cederberg, 
and the Krom River (Eastern Cape). Each river had different 
characteristics and conservation targets. The Dorps and 
Paradys rivers, in the Gouritz catchment, were considered 
unsuitable for the pilot project due to the lack of suitable 
barriers limiting the upper range of non-native fish invasion, 
poor accessibility to the river to implement the eradication, 
and potential social issues regarding the use of a piscicide in 
the water supply of a town in a water-limited area.
Rondegat River, Cederberg
The Rondegat River, a tributary of the Olifants, drains a 
moderately transformed catchment containing pristine natural 
areas, cattle pastures and fruit orchards, before discharging 
into Clanwilliam Dam. Above a small waterfall barrier 5 km 
above Clanwilliam Dam (Figure 2), the river holds healthy 
populations of five indigenous fish taxa: Clanwilliam redfin 
Barbus calidus Barnard 1938, fiery redfin Pseudobarbus 
phlegethon (Barnard 1938), Clanwilliam rock catfish 
Austroglanis gilli (Barnard 1934), Cape galaxias Galaxias 
zebratus Castelnau 1861 (probably an undescribed taxon, 
E Swartz, South African Institute for Aquatic Biodiversity, 
pers. comm.), and Clanwilliam yellowfish (Woodford et al. 
2005). Below the barrier, only large Clanwilliam yellowfish 
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weir, situated 4 km downstream of the barrier, marks the 
lower boundary of the proposed intervention area. Below this 
weir, the river is dry for most of the summer months. The weir 
will require reinforcement, however, to prevent re-invasion 
by bass or other species in the medium- to long-term. 
The river flows in a single channel through the proposed 
intervention area, although several furrows leading off it are 
used to irrigate riparian pastures. If successful, the project 
will extend the distribution of the five indigenous taxa in the 
Rondegat River by more than 20%, providing more varied 
habitat with larger, deeper pools, and establishing a buffer 
zone between the non-native species and the indigenous 
taxa. It could also allow the re-introduction of Clanwilliam 
sawfin Barbus serra Peters 1864 and Clanwilliam sandfish 
Labeo seeberi (Gilchrist & Thompson 1911), reported by van 
Rensburg (1966) from the lower reaches of the Rondegat but 
extirpated following bass invasion. The re-establishment of 
these two endangered taxa would be a major conservation 
success.
Krom River, Cederberg
The Krom River is a tributary of the Matjies River in the 
Doring catchment. A large waterfall above Disa Pool 
(Figure 3) marks the upper limit of fish distribution. Below 
Disa Pool the river flows through a gorge of bedrock steps, 
pools and chutes. The valley opens up below the gorge 
and the low-gradient river, with sandy runs and pools, flows 
through a near-pristine valley before entering the highly 
transformed campsite section at Krom River Farm. Below the 
farm, the river flows through the near-pristine Matjies River 
Nature Reserve to its confluence with the Matjies River. One 
indigenous species, the Clanwilliam rock catfish, occurs from 
the lower reaches of the gorge to just above the campsite 
(Figure 3). Redfin, possibly Clanwilliam redfin and/or Doring 
fiery redfin Pseudobarbus sp. ‘phlegethon Doring’, were 
reportedly common in pools near the campsite before the 
introduction of trout, but now appear to have been extirpated. 
Three non-native species have been introduced: rainbow 
trout in 1957 (Weaver 2008), and bluegill sunfish Lepomis 
macrochirus Rafinesque 1819 and largemouth bass in the 
1980s. Rainbow trout occur from Disa Pool to just above 
the Matjies River confluence, while bluegill sunfish and 
largemouth bass occur in farm dams and in the river itself 
from the campsite downstream. A derelict weir just above 
the confluence with the Matjies River is the potential lower 
boundary for the non-native fish eradication, but would require 
refurbishment to be an effective barrier to non-native fish.
Non-native fish eradication from the Krom River would 
provide an opportunity to establish a sanctuary for the 
Critically Endangered Doring fiery redfin, an undescribed 
taxon restricted to two unsustainable populations in the 
Doring system, both severely threatened by bass. With 
its upper reaches lying in a private conservancy, farming 
activities at Krom River Farm being scaled back in favour 
of ecotourism, and its lower reaches in the Matjies Nature 
Reserve, the Krom River has the potential to be a ‘flagship’ 
project for fish conservation and environmental awareness, 
both in the CFR and in South Africa as a whole.
Suurvlei River, Cederberg
The Suurvlei River, a tributary of the Twee River in the 
Doring River catchment, drains an area of intense citrus 
and soft fruit farming. Two fish, Twee River redfin Barbus 
erubescens Skelton 1974 and an undescribed taxon of 
Galaxias (E Swartz pers. comm.), are the only indigenous 
fish taxa in the Twee River, both being endemic to this small 
catchment. Of these, only the redfin has been recorded from 
the Suurvlei tributary in recent surveys (Impson et al. 2007, 
Marr et al. 2009). Three non-native fish taxa, translocated 
CFR endemics Cape kurper and Clanwilliam yellowfish, and 
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North American bluegill sunfish, are present in the upper 
Twee catchment (Impson et al. 2007, Marr et al. 2009). 
Only Cape kurper have been recorded in the proposed 
intervention area (Figure 4). The upper limits of Cape kurper 
are a culvert on the Buffelshoek tributary and a bedrock step 
on the Suurvlei River. A small population of redfin persists 
above the Cape kurper distribution in the Suurvlei River 
(Figure 4). The lower limit of the proposed intervention is a 
bedrock step at Suikerbossie Bridge (Figure 4). However, 
this barrier is considered insufficient to prevent re-invasion by 
Cape kurper and the construction of a weir is recommended 
for the site. Eradication of the Cape kurper from the Suurvlei 
will extend available habitat for the Twee River redfin and 
will allow the re-introduction of Galaxias, but this should be 
regarded as only the first step in a more comprehensive 
conservation programme for the Twee River fish.
Krom River, Joubertina (Eastern Cape)
The Krom River originates in the Formosa State Forest 
and drains eastwards along the Langkloof near the eastern 
boundary of the Western Cape. Two undescribed taxa 
occur in the headwaters of the Krom River, the Krom 
River redfin Pseudobarbus sp. “afer Krom” and a Galaxias 
taxon. Galaxias were recorded above a large waterfall, 
while redfin occurred from below the waterfall downstream 
to a set of weirs built in 2001 by the Working for Wetlands 
programme (Figure 5). Redfin were also found in a tributary, 
downstream of the weirs, currently protected from bass 
invasion by the water abstraction off-take weir. Largemouth 
bass are present in farm dams above the redfin distribution 
area and could invade the upper reaches through irriga-
tion furrows although large floods appear to flush them from 
the ‘flashy’ upper reaches into the slower-flowing middle 
reaches, where they are common. The eradication project 
proposes to remove bass from between the waterfall and 
the Working for Wetlands weirs and from the farm dams 
upstream to prevent re-invasion. This would establish a 
sanctuary for the undescribed Krom River taxa.
Environmental impact assessment
The use of piscicides is not a ‘listed activity’ in terms of 
South Africa’s environmental legislation and there was, 
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therefore, no legal requirement to conduct an environ-
mental impact assessment (EIA) for this project. However, 
under the National Environmental Management Act 
(RSA 1998a), Section 28, a duty of care is required when 
engaging in ‘activities that may have a detrimental effect 
on the environment’. In addition, the National Water Act 
(RSA 1998b) requires that the impact of the introduction of 
a chemical into a water body be formally assessed. Further, 
the sponsor of the project, the World Bank, insisted that an 
EIA be completed to determine whether the proposed use 
of piscicides is viable and environmentally safe in the CFR. 
In 2008, CapeNature appointed Enviro-Fish Africa (Pty) 
Ltd to carry out the EIA on its behalf. The four rivers identi-
fied for the pilot project were selected on the basis that 
(a) indigenous taxa were critically endangered and non-native 
fish were a major threat to their survival, (b) the eradication 
of non-native fish was feasible, (c) the rivers would provide 
healthy habitat for the indigenous fishes when the non-native 
species had been removed, and (d) the rivers were not of 
major importance to anglers. 
The EIA concluded that the treatment would have some 
negative initial impacts on the aquatic invertebrate fauna but 
that the majority of organisms could be expected to survive 
the treatments. In addition, rapid recovery of the stream 
faunas was predicted, following colonisation from reaches 
up- and down-stream of the treatment reaches. Furthermore, 
the project was unlikely to have any significant impacts, 
either positive or negative, on the regional conservation 
status of non-fish vertebrate fauna, because mammals, 
reptiles, amphibians and birds would not be affected by the 
concentrations of rotenone required to kill fish. The project 
was endorsed as vital for the survival of endangered fishes. 
Systematic monitoring was recommended for each of the 
four rivers before, during and after the treatments. The legal 
assessment component of the EIA concluded that Section 
28 of NEMA placed an obligation on CapeNature to remedy 
the degradation of environments harmed by non-native and/
or invasive species and that the proposed project was in 
accordance with international best practices for managing 
invasive non-native species (Enviro-Fish Africa 2009).
The EIA concluded that the justification for the project 
and the choice of rivers was sound. In most of the rivers 
proposed for the project, the use of piscicides, specifi-
cally those containing rotenone, was recommended. The 
Rondegat River was recommended as the first river to be 
treated. In the upper part of the Krom River (Cederberg), 
the trial of physical eradication methods was recommended, 
to minimise impacts on indigenous Clanwilliam rock catfish 
and macroinvertebrates. Should the physical methods prove 
ineffective, rotenone treatment should proceed, with rescue 
populations of aquatic fauna being kept in holding facilities 
for the duration of the treatment.
Angler perceptions and public education
During the EIA it became apparent that sectors of the 
fly angling community (notably trout enthusiasts) took 
exception to a river containing rainbow trout (i.e. the Krom 
River, Cederberg) being chosen for the project. Concern 
was also expressed regarding the use of piscicides and 
their impacts on non-target fauna, especially aquatic 
invertebrates. The media publicised the project and were 
initially very critical of it, with negative articles appearing in 
newspapers, e.g. Cape Argus (Bamford 2008), magazines, 
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2010), and on several fishing websites. The EIA played 
an important role in changing public attitudes towards the 
project, because (1) the project was thoroughly assessed 
by experienced independent specialists, and (2) the EIA 
held two rounds of public participation meetings, allowing 
stakeholders the opportunity to express their concerns and 
have these answered by the specialists conducting the EIA. 
Even though the EIA recommended that the project 
proceeds, strong opposition to the project still remains, 
especially among angling groups (Marr 2012). Such groups 
could potentially sabotage restoration projects involving alien 
fish eradication by re-introducing the eradicated species 
or introducing new species. Anglers have been identified 
as one of the high-risk groups potentially responsible for 
future introductions of freshwater fishes (Richardson et al. 
2004) and have a long history of illegally introducing angling 
species (Cambray 2003a, 2003b, Lintermans 2004, Impson 
2006, Johnson et al. 2009). Ensuring their support for the 
project is essential to the long-term success of the project. 
CapeNature, through its Freshwater Angling Forum, is 
working closely with local angling groups to improve relation-
ships and increase awareness of fish conservation and 
management issues in the Western Cape. The local angling 
groups include the Western Cape Bass Angling Association, 
Cape Piscatorial Society, Western Cape Yellowfish Working 
Group, Western Province Artlure Society, Bank Angling 
Federation and the Federation of South African Flyfishers.
Project status in January 2012
In 2012, CapeNature intends to treat the lower Rondegat 
River with an approved piscicide, CFT Legumine. Two 
treatments will be applied over consecutive years in late 
summer, with the possibility of more treatments if some 
smallmouth bass survive the initial treatments. The use 
of at least two treatments is standard practice in the USA 
(BJ Finlayson, California Department of Fish and Game, 
2010, pers. comm.). CapeNature has prepared guidelines 
for the implementation of the project, including public 
involvement, communication, fish rescue, monitoring, 
and treatment plans, in accordance with those adopted 
by the American Fisheries Society (Finlayson et al. 2000). 
Comprehensive independent pre-treatment monitoring is 
currently being undertaken with post-treatment monitoring 
planned following the completion of the treatment.
Concluding remarks
CapeNature’s piscicide project has undergone a compre-
hensive EIA and is now in the implementation phase. 
This project is an important step towards management of 
non-native fish in the CFR and South Africa. If, as expected, 
the project succeeds in removing non-native fish from the 
treated reaches with limited impact on other taxonomic 
groups, it will guide future eradication of non-native fish 
from critical biodiversity areas. Management of non-native 
fish populations, however, goes beyond possessing tools 
for removal of non-native fish and needs to be part of 
comprehensive conservation management plans. A draft 
conservation plan was proposed for the Western Cape 
(Impson et al. 2002a) but needs to be refined to include 
defined goals, responsibilities and accountability. Within 
such a plan, progress towards indigenous fish conservation 
can be measured. Capacity for freshwater fish conservation 
needs strengthening within CapeNature (Impson et al. 
2002b, Impson 2007) and the Eastern Cape Department of 
Environmental Affairs and Eastern Cape Parks Board.
The profile of indigenous fishes needs to be raised in the 
eyes of the general public and riparian landowners, with 
greater stakeholder engagement, as conservation actions 
tend to be directed towards taxonomic groups such as birds 
that are perceived to be more worthy of conservation by the 
general public (Czech et al. 1998). 
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